












1RWkh lpsdfw ri vhjuhjdwlrq rq zdjh lqhtxdolw|=
d orrn dw uhfuxlwphqw dqg sd| srolflhv dw wkh
up ohyho
Pljxho Sruwhod￿
QLPD dqg Xqlyhuvlw| ri Plqkr




Zdjh glvshuvlrq zlwklq ￿upv kdv lqfuhdvhg/ zklovw vhjuhjdwlrq ri zrunhuv dffruglqj
wr wkhlu vfkrrolqj ohyho kdv dovr lqfuhdvhg/ dv vrph ￿upv ￿vshfldolvh￿ lq zrunhuv zlwk
d kljk ohyho ri hgxfdwlrq dqg rwkhu ￿vshfldolvh￿ lq zrunhuv zlwk orz ohyho ri hgxfdwlrq1
Wklv vwxg| dqdo|vhv wkh lqwhudfwlrq ehwzhhq wkh ghpdqg iru hgxfdwlrq e| ￿upv dqg
wkh zdjh lq wkh Sruwxjxhvh hfrqrp|1 D elyduldwh uhjuhvvlrq lv lpsohphqwhg lq zlfk
wkh mrlqw ghflvlrq ri wkh zdjh dqg hgxfdwlrq ri wkh zrunhuv wr eh uhfuxlwhg lv prghoohg1
Vrph ri wkh frqfoxvlrqv ri wkh vlqjoh0htxdwlrq zdjh prgho duh lqyhuwhg/ ehfdxvh wkdw
prgho fdswxuhv d pl{wxuh ri wkh ￿up*v uhfuxlwphqw srolf| dqg wkh ￿up*v zdjh srolf|1
Wklv lv wkh fdvh ri wkh uhwxuqv wr h{shulhqfh dqg vhqlrulw|1 Lw lv dovr revhuyhg wkdw
wkh lqfuhdvh lq zdjh glvfulplqdwlrq djdlqvw zrphq lv pruh surqrxqfhg wkdq fdswxuhg
e| wudglwlrqdo xqlhtxdwlrqdo prgho1 Wkh vdph rffxuv zlwk wkh zdjh suhplxp iru
hgxfdwlrq1
Nh|zrugv= uhfuxlwphqw/ vhjuhjdwlrq/ zdjhv/ lqhtxdolw|/ vlpxowdqhrxv htxdwlrqv
MHO fodvvl￿fdwlrq= F6/ M56/ M64
￿L dp judwhixo wr Dqd Uxwh Fdugrvr iru khu hqfrxudjhphqw dqg fulwlfdo frpphqwv1 L dovr zlvk wr wkdqn
Dqdehod Erwhokr dqg Sdxor Jxlpdu￿hv iru wkhlu frpphqwv1
44L q w u r g x f w l r q
Vhyhudo k|srwkhvhv kdyh ehhq dgydqfhg ryhu wkh odvw 63 |hduv wr h{sodlq wkh lqfuhdvh lq
zdjh glvshuvlrq uhfrughg lq glhuhqw hfrqrplhv1 Wkhvh h{sodqdwlrqv udqjh iurp oderxu
vxsso|/ dvvrfldwhg zlwk ghprjudsklf pxwdwlrqv/ sursrvhg lq wkh 4<:3v +Zhofk/ 4<:<,/ wr
whfkqrorjlfdo surjuhvv/ lq wkh 4<<3v +Ehupdq hw do1/ 4<<;,/ ru wkh uroh sod|hg e| lqwhuqdwlrqdo
wudgh +Erumdv dqg Udph|/ 4<<7,1 Wkh uroh ri wkh up dv zdjh ghflvlrq0pdnhu zdv iuhtxhqwo|
kljkoljkwhg +Nudpdu} hw do1/ 4<<9,1 Dv d uhvxow ri wklv ghedwh/ lw zdv frqvlghuhg lpsruwdqw
wr dqdo|vh wkh lqwhudfwlrq ehwzhhq wkh uhfuxlwphqw srolflhv dqg sd| srolflhv lpsohphqwhg e|
upv dqg wr ghvfuleh wkhlu lpsdfw rq wkh wuhqgv lq Sruwxjxhvh zdjh lqhtxdolw|1
Ryhu wkh odvw wzr ghfdghv/ Sruwxjdo kdv uhyhdohg dq kljk ohyho ri lqhtxdolw|/ lghqwlfdo wr
wkdw ri wkh Xqlwhg Nlqjgrp/ dqg voljkwo| orzhu wkdq wkdw ri wkh Xqlwhg Vwdwhv/ zlwk wkh
zdjh glvwulexwlrq ehlqj fkdudfwhulvhg e| d uhodwlyho| frpsuhvvhg orzhu kdoi/ dqg dq xsshu
kdoi lq zklfk glvshuvlrq lv kljk1 Wkh lqfuhdvh lq zdjh glvshuvlrq uhfrughg gxulqj wklv shulrg
kdv hvvhqwldoo| ehhq wkh uhvxow ri wkh vhsdudwlrq ri kljkhu zdjhv lq uhodwlrq wr wkh uhvw ri
wkh glvwulexwlrq/ dqg zdv sduwlfxoduo| surqrxqfhg diwhu 4<;9/ frlqflglqj zlwk wkh frxqwu|*v
hfrqrplf jurzwk dqg wkh lqfuhdvh lq uhdo zdjhv1 Dffruglqj wr Ylhlud hw do1 +4<<:,/ ehwzhhq
4<;8 dqg 4<<5 wkhuh zdv dq lqfuhdvh lq wkh uhwxuqv wr Xqlyhuvlw| judgxdwhv uhodwlyh wr kljk0
vfkrro judgxdwhv/ d glyhujhqfh zklfk zdv djjudydwhg diwhu wkh frxqwu| mrlqhg wkh Hxurshdq
Frppxqlw|/ lq sduwlfxodu diwhu 4<;<1 Ylhlud hw do1 dovr frpphqw wkdw uhodwlyh zdjh wuhqgv
idyrxuhg pruh frpsoh{ mrev/ dvvrfldwhg zlwk kljkhu zdjhv/ dqg qrupdoo| shuiruphg e| pdoh
zrunhuv zlwk d kljk ohyho ri vfkrrolqj1
Vwxglhv rq d up ohyho lqglfdwh wkdw jrrg upv uhfuxlw jrrg zrunhuv/ wr zkrp
wkh| sd| dq dgglwlrqdo zdjh suhplxp1 Lw lv wr eh qrwhg lq sduwlfxodu wkdw wkh uhwxuqv wr
h g x f d w l r qk d y he h h ql q f u h d v l q j /z k l o v wv h q l r u l w |k d ve h f r p hdo h v vy d o x h gd w w u l e x w h+ F d u g r v r /
4<<<,1 Lq wkh ylhz ri Ylhlud hw do1/ wkh uhvwuxfwxulqj ri wkh Sruwxjxhvh hfrqrp|/ lq sduwlfxodu
wkdw dvvrfldwhg zlwk wkh lpsohphqwdwlrq ri whfkqrorjlfdo lqqrydwlrqv/ pd| kdyh jhqhudwhg d
fkdqjh lq wkh ghpdqg iru pruh hgxfdwhg zrunhuv1
Wkh lqfuhdvh lq wkh uhwxuqv wr hgxfdwlrq rffxuuhg dorqjvlgh wkh jurzlqj vxsso| ri pruh
hgxfdwhg oderxu irufh1 Lq idfw/ ehwzhhq 4<;8 dqg 4<<:/ wkh hgxfdwlrq ri zrunhuv lq wkh
Sruwxjxhvh hfrqrp| lqfuhdvhg e| dq dyhudjh 416 |hduv/ zklovw wkh vfkrrolqj glvwulexwlrq
glvshuvlrq ghfuhdvhg1
5Dgydqflqj lq uhodwlrq wr wkh phwkrgrorjlhv xvhg lq wkh wudglwlrqdo lqhtxdolw| dqdo|vh/ wklv
vwxg| dlpv wr prgho wkh mrlqw ghflvlrq ri wkh up uhjduglqj wkh zrunhuv* zdjh dqg hgxfdwlrq/
xvlqj d vlpxowdqhrxv htxdwlrq prgho1 Zlwk wkh lqfuhdvh lq hgxfdwlrq ri wkh zrunirufh lq
Sruwxjdo/ zkdw fkdqjhv kdyh ehhq pdgh e| upv lq wkhlu uhfuxlwphqw srolflhvB Kdv wkh
krprjhqhlw| ri wkh zrunirufh zlwklq upv lqfuhdvhg/ zlwk vrph upv vshfldolvlqj lq pruh
hgxfdwhg zrunhuv dqg rwkhuv lq ohvv hgxfdwhg zrunhuv ru/ rq wkh frqwudu|/ kdv wkh vhjuhjdwlrq
ri zrunhuv dfurvv upv ghfuhdvhgB Zkdw duh wkh lpsolfdwlrqv ri wklv iru sd| srolflhvB
Dq hpslulfdo dqdo|vlv ri wkhvh txhvwlrqv lv edvhg rq wkh gdwdedvh Txdgurv gh Shvvrdo
surylghg e| wkh Sruwxjxhvh Plqlvwu| iru Oderxu dqg Vrolgdulw|1 Wklv gdwdedvh lv wkh uhvxow
ri d frpsxovru| vxuyh| ri upv dqg frqwdlqv lqirupdwlrq derxw ryhu wzr ploolrq zrunhuv
hdfk |hdu1 Lq sudfwlfh/ lw uhsuhvhqwv d fhqvxv ri upv/ hvwdeolvkphqwv dqg wkhlu zrunhuv1
Wkh dqdo|vlv zloo eh lpsohphqwhg iru wkh shulrg 4<;8 wr 4<<:/ iru d srsxodwlrq ri ixoo0wlph
hpsor|hhv/ djhg ehwzhhq 49 dqg 981 Zrunhuv iurp djulfxowxuh/ vklqj/ plqlqj dqg wkh sxeolf
dgplqlvwudwlyh vhfwru zhuh h{foxghg1 Wkh dqdo|vlv zloo fryhu upv zlwk d plqlpxp ri yh
zrunhuv lq wkh deryh0phqwlrqhg frqglwlrqv1 Wklv uhvwulfwlrq lv dvvrfldwhg zlwk wkh qdwxuh ri
wkh sureohp wr eh vwxglhg1 Dq dqdo|vlv ri wkh ghjuhh ri krprjhqhlw| ri wkh zrunirufh zlwklq
upv uhtxluhv wkdw wkh| kdyh d plqlpxp vl}h1
Vhfwlrq 5 ghvfulehv wuhqgv lq wkh vfkrrolqj ohyho ri Sruwxjxhvh zrunhuv1 Vhfwlrq 6 dqdo|vhv
wuhqgv lq zrunhu vhjuhjdwlrq dfurvv upv1 Vhfwlrq 7 mxvwlhv wkh xvh ri wkh vlpxowdqhrxv
htxdwlrqv prgho lq prghoolqj up ghflvlrqv/ zkloh wkh uhvxowv ri wkh dqdo|vlv duh suhvhqwhg
l qv h f w l r q8 1W k h v hd u hi r o o r z h ge |w k hf r q f o x v l r q v 1
5 Wuhqgv lq zrunhu hgxfdwlrq
Gxulqj wkh shulrg ehwzhhq 4<;8 dqg 4<<:/ zrunhu hgxfdwlrq lqfuhdvhg e| dq dyhudjh 416
|hduv +wdeoh 4,/ d wuhqg mxvwlhg/ lq sduw/ e| wkh fkdqjh lq plqlpxp frpsxovru| hgxfdwlrq1
Gdwd lq wdeoh 5 hpskdvlvh wkdw wkh lpsuryhphqw lq vfkrrolqj lv surqrxqfhg1 Lq 4<;8 wkh
shufhqwdjh ri zrunhuv zlwk vl{ ru pruh |hduv ri hgxfdwlrq zdv 68(/ zkhuhdv lq 4<<: wklv
jxuh zdv 94(1 Lq uhodwlyh whupv/ wkhuh zdv d uhgxfwlrq lq wkh glvwulexwlrq glvshuvlrq/ dv
ghprqvwudwhg e| wkh frh!flhqw ri yduldwlrq +F1Y1,1
6Wdeoh 4= Ghvfulswlyh vwdwlvwlfv rq wkh vfkrrolqj glvwulexwlrq









4<;8 6/;633 4/563: 8/<37: 3/9458 3/634< 6466
4<<: 6/365: 3/<433 :/4<47 3/8486 3/5:74 6 4/8 5 4/58
Vrxufh= Sruwxjdo/ PWV/ GHWHIS +4<;8 dqg 4<<:,1 R vwdqgv iru shufhqwloh1
Wdeoh 5= Vfkrrolqj glvwulexwlrq
4<;8 4<<: {
\hduv ( ( RR
3 5/;5 3/8< 05/56
5 8/6: 4/97 06/:6
7 87/3; 69/6; 04:/:3
9 46/69 56/8< 43/56
< :/<< 49/6; ;/6<
45 45/;6 48/;: 6/37
48 4/79 4/:3 3/57
4: 5/3< 6/;8 4/:9
Vrxufh= Sruwxjdo/ PWV/ GHWHIS +4<;8 dqg 4<<:,1 RR vwdqgv iru shufhqwdjh srlqwv1
6 Wuhqgv lq zrunhu vhjuhjdwlrq dfurvv upv
Wkh lqfuhdvlqj krprjhqlvdwlrq ri wkh zrunirufh zlwklq upv kdv ehhq grfxphqwhg e|
Nudpdu} hw do1 +4<<9,/ Nuhphu dqg Pdvnlq +4<<9, dqg Mxkq hw do1 +4<<6,1 Dffruglqj
wr wkhvh dxwkruv/ lq frxqwulhv vxfk dv wkh Xqlwhg Vwdwhv ri Dphulfd/ wkh Xqlwhg Nlqjgrp
d q gI u d q f h /w k h v hw u h q g vd f f r p s d q l h gd ql q f u h d v hl qz d j hl q h t x d o l w | 1D f f r u g l q jw rw k hz r u n
ri Nuhphu dqg Pdvnlq +4<<9,/ wkh vhjuhjdwlrq ri zrunhuv dfurvv upv e| wkhlu vnloov zloo eh
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lq zklfk ~￿ uhsuhvhqwv wkh vhw ri wkh zrunhuv ri up / 5￿ w k hy r o x p hr ih p s o r | p h q wr iw k h
up / a wkh wrwdo qxpehu ri upv/  dqg & ghvljqdwh wkh zrunhuv/ ^ lv d phdvxuh ri wkh
7zrunhu vnloo/ dqg 7 ^ lv wkh phdq ri wkhvh vnloov lq wkh hfrqrp|1
Lq wkh qxphudwru ri wkh lqgh{ zh kdyh wkh fruuhodwlrq ehwzhhq +l, wkh ghyldwlrq ri wkh
vnloo ri dq lqglylgxdo lq uhodwlrq wr wkh hfrqrp| phdq dqg +ll, wkh glvshuvlrq ri wkh vnloo ri
zrunhuv lq d up durxqg wkh hfrqrp| phdq1 Htxdoo|/ wkh h{suhvvlrq lq wkh ghqrplqdwru fdq
eh xqghuvwrrg dv wkh yduldqfh ri vnloov lq wkh hfrqrp|1 Wkh ixuwkhu wkh vnloov ri lqglylgxdov
duh iurp wkh phdq lq wkh vdph gluhfwlrq dqg sursruwlrq dv wkh vnloov ri rwkhu zrunhuv lq wkh
vdph up/ wkh juhdwhu wkh fruuhodwlrq ehwzhhq wkhlu vnloov dqg wkh vnloov suhvhqw lq wkh up1
Lq wklv zd|/ wkh juhdwhu wkh krprjhqlvdwlrq ri zrunhuv zlwklq upv/ wkh forvhu wkh ydoxh ri
wkh qxphudwru lv wr wkh ydoxh ri wkh ghqrplqdwru> lq rwkhu zrugv/ wkh forvhu wkh lqgh{ lv
wr lwv pd{lpxp ydoxh ri 41 Lq d vlwxdwlrq lq zklfk wkh fruuhodwlrq ehwzhhq wkh vnloov ri d
zrunhu dqg klv froohdjxhv lq wkh up lv uhgxfhg/ dv d uhvxow ri d juhdw khwhurjhqhlw| ri wkh
zrun irufh zlwklq upv/ wkh lqgh{ zloo eh forvhu wr lwv plqlpxp ydoxh ri 31
Krzhyhu/ wklv lqgh{ vkrxog eh fruuhfwhg iru udqgrp vhjuhjdwlrq/ vlqfh/ dffruglqj wr
Fduulqjwrq dqg Wurvnh +4<<:,/ wkh udqgrp doorfdwlrq ri lqglylgxdov wr upv jhqhudwhv d
qrq0qxoo vhjuhjdwlrq/ zkhq phdvxuhg e| frqyhqwlrqdo lqgh{hv/ lq sduwlfxodu wkh glvvlplodulw|
lqgh{ dqg wkh Jlql vhjuhjdwlrq frh!flhqw1 Lw lv wkhuhiruh qhfhvvdu| wr frqwuro iru udqgrp
ghyldwlrqv lq wkh devhqfh ri vhjuhjdwlrq/ dqg lw lv revhuyhg wkdw wkh vpdoohu wkh vl}h ri wkh
xqlwv +lq wklv fdvh wkh upv, lq zklfk wkh lqglylgxdov ru plqrulwlhv zrun/ wkh juhdwhu wkh
udqgrp vhjuhjdwlrq1
Wkh vwxg| ri vhjuhjdwlrq fdq wkxv eh vxssohphqwhg zlwk wkh lqwurgxfwlrq ri voljkw fkdqjhv
wr Nuhphu dqg Pdvnlq*v sursrvdo/ lq sduwlfxodu/ wkh dssolfdwlrq ri d surfhgxuh vlplodu wr
wkdw zklfk Fduulqjwrq dqg Wurvnh lpsohphqwhg iru wkh glvvlplodulw| lqgh{ dqg iru wkh Jlql
vhjuhjdwlrq frh!flhqw1 Wkh xqghuo|lqj sulqflsoh lv wkdw/ hyhq li lqglylgxdov duh glvwulexwhg
dfurvv upv lq d udqgrp pdqqhu/ wkh lqgh{ zrxog dozd|v fdswxuh vrph ghjuhh ri vhjuhjdwlrq/
jlyhq wkh h{lvwhqfh ri glhuhqfhv lq wkh qxpehu ri zrunhuv dw hdfk up1 Wkh dlp lv/ wkhuhiruh/
wr lvrodwh wkh ghjuhh ri v|vwhpdwlf vhjuhjdwlrq h{lvwlqj lq hdfk vdpsoh1
Wkh pdlq srlqw ri wkh dqdo|vlv lv wkxv wr fdofxodwh wkh vhjuhjdwlrq dvvrfldwhg zlwk wkh
udqgrp doorfdwlrq ri lqglylgxdov wr upv1 Pdlqwdlqlqj wkh vl}h ri upv lq whupv ri qxpehu ri
zrunhuv dqg wkh vnloov ri zrunhuv/ lqglylgxdov duh udqgrpo| uhglvwulexwhg wkurxjk upv dqg
wkh vhjuhjdwlrq lqgh{ vxjjhvwhg e| Nuhphu dqg Pdvnlq lv wkhq fdofxodwhg1 Wklv surfhgxuh lv
uhshdwhg 433 wlphv lq rughu wr rewdlq wkh glvwulexwlrq ri wkh udqgrpo| dvvrfldwhg vhjuhjdwlrq
8lqgh{1 Wkh phdq ri wklv glvwulexwlrq +4W, surylghv dq hvwlpdwh ri wkh udqgrp vhjuhjdwlrq1
Iroorzlqj wkh phwkrgrorj| lpsohphqwhg e| Fduulqjwrq dqg Wurvnh/ wkh v|vwhpdwlf vhjuhjd0
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zkhuh 	 4 5 dco1 Li wkhuh lv dq h{fhvv ri vhjuhjdwlrq lq uhodwlrq wr udqgrp vhjuhjdwlrq/
lq rwkhu zrugv li 4:4 W/ wkhq 	 4 txdqwlhv wkh h{fhvv ri vhjuhjdwlrq lq uhodwlrq wr zkdw
lv h{shfwhg iurp udqgrp doorfdwlrq/ lq whupv ri wkh pd{lpxp vhjuhjdwlrq wkdw fdq rffxu/
  4W1 Zklovw 	 4 'fruuhvsrqgv wr wkh pd{lpxp vhjuhjdwlrq/ 	 4 'ffruuhvsrqgv wr wkh
udqgrp glvwulexwlrq ri zrunhuv dfurvv upv1 Zkhq 4	4 W zh idfh d vlwxdwlrq lq zklfk wkhuh
lv dq h{fhvv ri lpsduwldolw| lq wkh glvwulexwlrq ri vnloov lq wkh up/ wkdw lv/ qrw hyhq udqgrp
doorfdwlrq zrxog eh deoh wr rewdlq wkdw edodqfh lq wkh glvwulexwlrq ri lqglylgxdov1 Dv wklv
lqgh{ dvvhvvhv udqgrp ghyldwlrq/ lwv lqwhusuhwdwlrq lv qrw edvhg rq wkh txrwd ri plqrulwlhv
qru rq wkh vl}h ri wkh xqlwv1 Krzhyhu/ zlwk wkh lqfuhdvh lq wkh vl}h ri xqlwv/ wkh prglhg
vhjuhjdwlrq lqgh{/ 	 4/ whqgv wrzdug wkh ydoxh ri wkh ruljlqdo lqgh{/ 41
Lpsohphqwlqj wklv dqdo|vlv iru wkh Sruwxjxhvh hfrqrp|/ wkh ydoxhv irxqg iru wkh vhjuhjd0
wlrq lqgh{ iru zrunhu hgxfdwlrq/ dv zhoo dv wkrvh iru zdjh vhjuhjdwlrq/ iru wkh |hduv 4<;8 dqg
4<<:/ duh surylghg lq wkh wdeoh 61




Vrxufh= Sruwxjdo/ PWV/ GHWHIS +4<;8 dqg 4<<:,
Lw fdq eh revhuyhg wkdw ehwzhhq 4<;8 dqg 4<<: wkhuh zdv dq lqfuhdvh lq vhjuhjdwlrq
dfurvv upv e| hgxfdwlrq lq wkh rughu ri ;18 shufhqwdjh srlqwv1 Wklv lqfuhdvh lq vhjuhjdwlrq
e| vnloov srlqwv wr d fkdqjh lq upv* uhfuxlwphqw srolflhv1 Rq wkh rwkhu kdqg/ wkhuh kdv
ehhq d uhgxfwlrq lq vhjuhjdwlrq e| zdjhv/ dv upv kdyh dssduhqwo| dovr fkdqjhg wkhlu sd|
srolflhv1 Lqvlgh hdfk up/ wkh krprjhqhlw| ri vnloov kdv lqfuhdvhg/ zklovw wkh krprjhqhlw|
ri zdjhv kdv ghfuhdvhg1 Lq rwkhu zrugv/ wkh uroh ri wkh up dv uhjdugv zdjh kduprqlvdwlrq
ehwzhhq lwv zrunhuv kdv ehhq uhgxfhg/ dowkrxjk kduprqlvdwlrq ri vnloov kdv rffxuuhg1 Wkh
9mrlqw fkdqjh ri uhfuxlwphqw dqg zdjh srolflhv kljkoljkwv wkh lqwhudfwlrq ehwzhhq ghpdqg iru
hgxfdwlrq dqg zdjh irupdwlrq/ dv zhoo dv lwv hhfw rq zdjh lqhtxdolw|1
7 Vlpxowdqhlw| ri ghflvlrqv wr uhfuxlw dqg sd|
Kdylqj yhulhg/ rq wkh rqh kdqg/ wkh lqfuhdvh lq vhjuhjdwlrq ri zrunhuv dfurvv upv e|
wkhlu hgxfdwlrq dqg/ rq wkh rwkhu kdqg/ wkh lqfuhdvh lq zdjh glvshuvlrq zlwklq wkh up/ zh
frph xs djdlqvw wkh iroorzlqj txhvwlrq= zklfk kdyh ehhq wkh fkdqjhv lq zdjh glvwulexwlrq/
frqwuroolqj iru wkh uhfuxlwphqw srolf|B
Wkh uhfuxlwphqw srolf| lq whupv ri hgxfdwlrq dqg lwv hhfw rq wkh sd| srolf| vkdoo eh
dvvhvvhg/ lpsohphqwlqj d elyduldwh uhjuhvvlrq/ lq zklfk wkh ghshqghqw yduldeohv duh wkh
zrunhuv* krxuo| zdjh dqg wkh frpsohwhg |hduv ri irupdo hgxfdwlrq1 Wkh xvh ri d elyduldwh
uhjuhvvlrq/ ehvlghv prghoolqj d vlpxowdqhrxv ghflvlrq e| wkh up/ hqdeohv ryhufrplqj d
sureohp ri hqgrjhqhlw| lqkhuhqw wr wkh wudglwlrqdo zdjh prgho1
Lq d w|slfdo zdjh uhjuhvvlrq/ wkh ghshqghqw yduldeoh lv wkh orjdulwkp ri wkh zdjh/ |hduv
ri hgxfdwlrq duh xvhg dv dq lqghshqghqw yduldeoh/ dorqj zlwk d vhw ri rwkhu uhjuhvvruv zklfk
frqwuro iru rwkhu glphqvlrqv ri wkh kxpdq fdslwdo ri zrunhuv/ dv zhoo dv fkdudfwhulvwlfv ri
erwk rffxsdwlrq dqg up1 Lq wklv fdvh/ lw lv xqghuvwrrg wkdw wkh frh!flhqw ri wkh hgxfdwlrq
yduldeoh uh hfwv wkh uhvsrqvh ri wkh zdjh wr dq dgglwlrqdo |hdu ri hgxfdwlrq1 Krzhyhu/
d vlqjoh0htxdwlrq olqhdu uhjuhvvlrq prgho idlov lq wkh hvwlpdwlrq ri wklv sdudphwhu/ vlqfh
lw grhv qrw wdnh lqwr dffrxqw wkh up*v suhihuhqfhv uhjduglqj hgxfdwlrqdo ohyho1 Wkdw lv/
hgxfdwlrq dqg wkh glvwxuedqfh whup lq wkh zdjh htxdwlrq duh fruuhodwhg/ vlqfh upv fkrvh wkh
ohyho ri hgxfdwlrq zklfk/ jlyhq wkhlu frpshwlwlyh dgydqwdjhv/ pd{lplvh wkhlu lqwhuwhpsrudo
qhw ehqhwv1 Khqfh/ khwhurjhqhlw| lq wkh vhohfwlrq/ lq rwkhu zrugv/ wkh uhfuxlwphqw srolf|
dgrswhg e| wkh hpsor|hu/ lv qrw fdswxuhg e| wkh wudglwlrqdo prgho1 Wkh vnloo suhvhqw lq
hdfk up lv wkhuhiruh qrw udqgrp/ dqg erwk yduldeohv/ zdjh dqg vnloo/ dssur{lpdwhg khuh e|
hgxfdwlrq/ duh hqgrjhqrxv1
Wklv hqgrjhqhlw| ri hgxfdwlrq lpsolhv wkdw hvwlpdwhv ri d vlqjoh0htxdwlrq olqhdu uhjuhvvlrq
prgho iru wkh zdjh duh qrw frqvlvwhqw1 Wkh vlpxowdqhlw| ri ghflvlrqv wr sd| dqg uhfuxlw
lpsolhv/ wkhuhiruh/ wkdw wkh| vkrxog eh prghoohg wrjhwkhu1 Lq wklv zd|/ wkh frh!flhqwv vkrxog
eh hvwlpdwhg xvlqj vlpxowdqhrxv htxdwlrq phwkrgv1 Lq wklv sdshu/ hvwlpdwlrq ri wkh prgho
:lv edvhg rq wkh xvh ri lqvwuxphqwdo yduldeohv hvwlpdwruv/ vlqfh wkhvh duh frqvlvwhqw1 Wr eh
pruh vshflf/ wkh Wkuhh0Vwdjh Ohdvw Vtxduhv phwkrg zdv fkrvhq/ vlqfh/ dffruglqj wr Juhhqh
+4<<<,/ ri doo wkh lqvwuxphqwdo yduldeohv hvwlpdwruv wkdw xvh rqo| wkh vdpsoh lqirupdwlrq
lqfoxghg lq wkh v|vwhp/ wklv lv dv|pswrwlfdoo| h!flhqw1
Wkh prgho sursrvhg khuh pd| wkhq eh uhsuhvhqwhg/ lq lwv vwuxfwxudo irup/ e| wkh v|vwhp
zlwk wkh iroorzlqj htxdwlrqv=
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' f/ iru doo  9' |/
Qr revhuydwlrq lv fruuhodwhg zlwk revhuydwlrqv lq glhuhqw prphqwv ri wlph/ dqg wkh
glvwxuedqfh whupv ri wkh wzr htxdwlrqv/ iru hdfk revhuydwlrq/ pd| eh fruuhodwhg1 Wkh
glvwxuedqfh whupv iroorz d elyduldwh qrupdo glvwulexwlrq1
Wkhvh wzr htxdwlrqv duh ghvljqdwhg ehkdylrudo htxdwlrqv +Juhhqh/ 4<<<,1 Wkhuh duh
wzr hqgrjhqrxv yduldeohv/ wkh orjdulwkp ri wkh krxuo| zdjh4 E, dqg frpsohwh |hduv ri
hgxfdwlrq ErSJJ,/ wkh uhpdlqghu ehlqj wkluwhhq h{rjhqrxv yduldeohv51 Wkh uvw htxdwlrq lv
4Wkh krxuo| zdjh +kz, lv frpsxwhg dv kz @ ez.wv.uv
qk / doo wkh uljkw0kdqg vlgh yduldeohv uhihuulqj wr
prqwko| uhsruwhg ￿jxuhv= ez vwdqgv iru edvh0zdjh/ wv lv wkh sd|phqw lqgh{hg wr whqxuh/ uv duh uhjxoduo|
sdlg vxevlglhv dqg qk lv wkh qrupdo gxudwlrq ri zrun1
5Iru d ghwdlohg ghvfulswlrq ri wkh yduldeohv/ vhh wdeoh 7 lq dsshqgl{1 Ghvfulswlyh vwdwlvwlfv duh suhvhqwhg
lq wdeoh 81
;ryhu0lghqwlhg/ wkh yduldeohv srwhqwldo h{shulhqfh +e%Reor,/ whqxuh zlwklq wkh up +|e?oe,/
whqxuh ohvv wkdq 4 |hdu +|, dqg wkh edujdlqlqj uhjlph +|oS, kdylqj ehhq h{foxghg/ dv
fkdudfwhulvwlfv ri wkh zrunhu zklfk gr qrw lq xhqfh wkh vfkrrolqj fkrlfh ri wkh up/ zklovw
wkh vhfrqg htxdwlrq lv h{dfwo| lghqwlhg/ d vlwxdwlrq lq zklfk rqo| wkh ohyho ri vnloo ri wkh
rffxsdwlrq +rJSSR, zdv h{foxghg1 Lq wkh zdjh htxdwlrq/ wkh rJSSR yduldeoh zdv h{foxghg
ehfdxvh lw zdv xqghuvwrrg wkdw lwv hhfw rq wkh zdjh lv douhdg| fdswxuhg e| hgxfdwlrq ohyho
dqg zrunhu*v h{shulhqfh1 Krzhyhu/ vnloo dvvrfldwhg zlwk rffxsdwlrq sod|v d vljqlfdqw uroh
lq wkh fkrlfh ri vfkrrolqj e| wkh up/ vlqfh glhuhqw rffxsdwlrqv ghpdqg glhuhqw zrunhu
vnloov1 Wkh hgxfdwlrq htxdwlrq lqfoxghv dv uhjuhvvruv zdjh/ jhqghu +re%,w rf r q w u r oi r ud q |
glvfulplqdwlrq ehwzhhq phq dqg zrphq lq wkh uhfuxlwphqw surfhvv / dv zhoo dv h{shulhqfh
+e%Reo,/ vlqfh wkhuh pd| eh dq h{fkdqjh ehwzhhq hgxfdwlrq dqg h{shulhqfh lq fkrrvlqj wkh
fkdudfwhulvwlfv ri wkh zrunhu zkr vkrxog rffxs| d jlyhq ydfdqf|1 Dv vxfk/ wkhuh lv lqwhudfwlrq
ehwzhhq wkh hgxfdwlrq wkdw wkh up fkrrvhv dqg wkh zdjh sd|hg wr wkh zrunhu1 Lq wxuq/
zdjh lv d ixqfwlrq ri wkh hgxfdwlrq ri wkh zrunhu uhfuxlwhg e| wkh up1 Wkh uhpdlqlqj
h{sodqdwru| yduldeohv duh lqwhqghg wr frqwuro iru wkh glhuhqw fkdudfwhulvwlfv ri wkh upv/
lq sduwlfxodu zkhwkhu wkh| duh frqwuroohg e| iruhljq fdslwdo +sJoe}?,/ e| sxeolf fdslwdo
+RK,/ wkhlu jurvv oderxu surgxfwlylw| +,rJo&eo, /d q gw k hd v s h f w vv x f kd vo r f d w l r q+ oe}J?,/
hfrqrplf vhfwru +?_r|o+,/ ru wkh rzqhuvkls vwuxfwxuh +o_,1 Lq wkh zdjh htxdwlrq/ wkh
vtxduh ri h{shulhqfh +e%Reor, lv lqfoxghg1 Ohqjwk ri vhuylfh +|e?oe, lv dovr lqfoxghg/ dv zhoo
dv d gxpp| iru wkh fdvh ri zrunhuv zlwk ohvv wkdq rqh |hdu lq wkh up +|,1
8 Ghwhuplqdqwv ri wkh fkrlfh ri vfkrrolqj dqg zdjh e|
upv
Wkh uhvxowv iru wkh wzr htxdwlrqv/ zdjh dqg hgxfdwlrq/ ri wkh vlpxowdqhrxv htxdwlrq prgho
zloo qrz eh dqdo|vhg1 Lq wkh ghqlwlrq ri wkh edvh fdwhjru| lq wkh fdvh ri gxpp| yduldeohv/
wkh prvw iuhtxhqw fdwhjru| zdv xvhg1 Wkh edvh fdwhjru| duh pdoh lqglylgxdov zlwk 7 |hduv ri
hgxfdwlrq/ zkr zrun lq qdwlrqdo sulydwh upv lq wkh Uhwdlo Wudgh/ dqg zkrvh ohqjwk ri vhuylfh
lq wkh up lv juhdwhu wkdq rqh |hdu1 Lq ohjdo whupv/ wkh up lv d Sduwqhuvkls Frpsdq|/ dqg
wkh oderxu uhodwlrqvkls lv jryhuqhg e| d Froohfwlyh Edujdlqlqj Frqwudfw1 Wkh up lv orfdwhg
lq wkh uhjlrq ri Olverq dqg Wdjxv Ydooh|1
<Vwduwlqj wkh dqdo|vlv zlwk wkh hgxfdwlrq ghpdqg htxdwlrq/ wkh uhvxow ri zklfk fdq eh
irxqg lq wdeohv 9 dqg :/ zh fdq revhuyh wkdw wkh kljkhu wkh zdjh wkh up kdv wr sd| d zrunhu
zlwk d fhuwdlq vnloo dqg d fhuwdlq hgxfdwlrq/ wkh pruh wkh up lqfuhdvhv lwv suhihuhqfh iru
ohvv hgxfdwhg lqglylgxdov1 Wkh zdjh lv qrw wkh sulfh ri hgxfdwlrq/ exw udwkhu wkh uhwxuq wr
vrphwklqj pruh frpsuhkhqvlyh zklfk lv wkh zrunhu*v vnloo/ khqfh wkh srvvlelolw| ri h{fkdqjh
ehwzhhq hgxfdwlrq dqg rwkhu glphqvlrqv ri vnloo1 Wkh h{fkdqjh idfwru lv orz lq 4<;8/
vlqfh dq lqfuhdvh ri 43(6 lq wkh zdjh ohdgv/ rq dyhudjh/ wr d uhgxfwlrq lq wkh |hduv ri
hgxfdwlrq ghpdqghg e| wkh up ri 31441 Ehwzhhq 4<;8 dqg 4<<:/ wklv idfwru lqfuhdvhg
frqvlghudeo|/ uhdfklqj 31791 Frqvhtxhqwo|/ lq 4<<: upv zhljkhg pruh khdylo| wkh zdjh wkdw
wkh| sdlg wr pruh hgxfdwhg lqglylgxdov lq wkh klulqj ghflvlrq1 Wkh frh!flhqw ri h{shulhqfh
fruurerudwhv wkh lqwhusuhwdwlrq dffruglqj wr zklfk hgxfdwlrq lv srwhqwldoo| frpshqvdwhg e|
rwkhu glphqvlrqv ri vnloo/ vlqfh wkh pruh h{shulhqfhg wkh zrunhu kluhg e| wkh up lv/ wkh
ohvv klv hgxfdwlrq zloo whqg wr eh1 Wkh up frpelqhv wkh glhuhqw glphqvlrqv ri vnloo lq lwv
uhfuxlwphqw ghflvlrq/ vr dv wr fkrrvh dq lqglylgxdo fruuhvsrqglqj wr lwv uhfuxlwphqw dqg sd|
suhihuhqfhv1
Lq 4<;8 upv whqghg wr hpsor| zrphq rqo| li wkh| zhuh ehwwhu hgxfdwhg wkdq phq1 Wklv
glhuhqfh ehwzhhq phq dqg zrphq lq hgxfdwlrq iru shuiruplqj wkh vdph w|sh ri mre/ dqg
lqvlgh wkh vdph up/ lv qr orqjhu vwdwlvwlfdoo| vljqlfdqw lq 4<<:/ dw d vljqlfdqfh ohyho ri
8(1
Ilupv xqghu iruhljq ru sxeolf pdmrulw| rzqhuvkls/ dv zhoo dv wkrvh zlwk juhdwhu jurvv
oderxu surgxfwlylw|  dvvhvvhg dv vdohv shu zrunhu / whqg wr hpsor| pruh hgxfdwhg zrunhuv/
d idfw zklfk lv uhlqirufhg gxulqj wkh shulrg xqghu dqdo|vlv1 Lq 4<<:/ upv frqwuroohg e| wkh
Vwdwh ru e| iruhljq fdslwdo whqghg wr uhfuxlw/ rq dyhudjh/ lqglylgxdov zlwk rqh |hdu pruh
hgxfdwlrq wkdq sulydwh Sruwxjxhvh upv1
Zlwk wkh h{fhswlrq ri wkh uhjlrq ri Dohqwhmr dqg Dojduyh/ wkhuh zdv d ghwhulrudwlrq lq
wkh srvlwlrq ri wkh uhvw ri wkh frxqwu| lq uhodwlrq wr Olverq dqg Wdjxv Ydooh|/ sduwlfxoduo|
lq wkh uhjlrq ri Qruwk dqg Lqqhu Fhqwuh1 Lqglylgxdov uhfuxlwhg lq wklv uhjlrq whqghg wr kdyh
rqh |hdu ohvv hgxfdwlrq wkdq wkrvh iurp Olverq uhjlrq1
6Vlqfh wkh orjdulwkp zdjh lv xvhg dv h{sodqdwru| yduldeoh lq wkh hgxfdwlrq htxdwlrq/ wkh ￿uvw rughu
ghulydwlyh uhodwlyh wr wklv yduldeoh lv= Cvfkrro
Cokz @ ￿41 Dssur{lpdwho|/ li okz lqfuhdvhv 3>3<8/ lw phdqv wkdw/ lq
4<;8/ vfkrrolqj ghfuhdvhv 3>441 Wkdw lv/ okz3 @ okz .3 >3<8/r u /kz3 @ hokz.3>3<81 Vr/ kz3 @ kz ￿ h3>3<8/
phdqlqj wkdw kz3
kz @4 >43/ uhsuhvhqwlqj d 43( lqfuhdvh lq wkh zdjh1
43Wkh vhfwruv zklfk vhhn zrunhuv zlwk ohvv hgxfdwlrq lqfoxgh Irrg/ Ehyhudjhv dqg Wredffr/
Wh{wlohv/ Forwklqj dqg Vkrhv/ Zrrg dqg Frun/ Frqvwuxfwlrq dqg Sxeolf Zrunv/ dqg Krwhov
dqg Uhvwdxudqwv1 Wkh prvw ghpdqglqj lq whupv ri hgxfdwlrq lqfoxgh Hohfwulflw|/ Jdv dqg
Zdwhu/ Frppxqlfdwlrqv/ Edqnlqj dqg Lqvxudqfh/ dqg Vhuylfhv vxssolhg wr upv1 Frpsdulqj
wdeohv 9 dqg :/ zh fdq frqfoxgh wkdw Uhwdlo Wudgh/ wkh vhfwruv ri Sdshu/ Judsklf Duwv dqg
Sxeolvklqj/ Hohfwulflw|/ Jdv dqg Zdwhu/ Wudqvsruw dqg Vwrudjh/ dqg Edqnv dqg Lqvxudqfh doo
suhvhqwhg d vljqlfdqw jurzwk lq wkhlu whqghqf| wr uhfuxlw pruh hgxfdwhg lqglylgxdov1 Wkh
Edqnlqj dqg Lqvxudqfh vhfwru/ lq sduwlfxodu/ lqfuhdvhg lwv hgxfdwlrq ghpdqg e| rqh |hdu
rq dyhudjh1 D ohvv idyrxudeoh wuhqg/ lq wkh vhqvh wkdw wkhuh zdv dq lqfuhdvhg whqghqf| wr
uhfuxlw uhodwlyho| ohvv hgxfdwhg zrunhuv/ zdv dssduhqw lq wkh vhfwruv ri Irrg/ Ehyhudjhv dqg
Wredffr/ Wh{wlohv/ Forwklqj dqg Irrwzhdu/ Edvlf Phwdov/ dqg Krwhov dqg Uhvwdxudqwv1 Edvlf
Phwdov uhfrughg/ lq uhodwlyh whupv/ d uhgxfwlrq ri qhduo| rqh |hdu lq vfkrrolqj uhfuxlwhg1
Lq uhodwlrq wr wkh rzqhuvkls vwuxfwxuh ri Sduwqhuvklsv/ Mrlqw0vwrfn Frpsdqlhv suhvhqwhg d
juhdwhu whqghqf| wr vhhn pruh hgxfdwhg zrunhuv/ d idfw zklfk lv uhlqirufhg gxulqj wkh shulrg
xqghu dqdo|vlv1 Wuhqgv dqg srvlwlrqv lq Vroh Sursulhwruvkls Frpsdqlhv zhuh wkh rssrvlwh1
Dv h{shfwhg/ lqglylgxdov shuiruplqj mrev ri juhdwhu uhvsrqvlelolw| ru frpsoh{lw| whqg wr kdyh
pruh |hduv ri hgxfdwlrq/ lq sduwlfxodu Pdqdjhuv dqg Surihvvlrqdov/ d wuhqg zklfk ehfdph
pruh pdunhg ehwzhhq 4<;8 dqg 4<<:1
Prylqj rq wr dq dqdo|vlv ri wkh zdjh htxdwlrq/ zh fdq revhuyh wkdw wkh xvh ri wkh
vlpxowdqhrxv htxdwlrqv prgho/ lq sduwlfxodu zlwk wkh lqwurgxfwlrq ri d uhfuxlwphqw htxdwlrq
dvvrfldwhg zlwk wkh wudglwlrqdo zdjh htxdwlrq/ iuhhv wkh wudglwlrqdo htxdwlrq*v frh!flhqwv1
Wkh fruuhodwlrq ehwzhhq vfkrrolqj dqg hduqlqjv dfurvv zrunhuv lv frqwdplqdwhg e| wkh
uhfuxlwphqw srolf|1 Wkh vlqjoh0htxdwlrq prgho odfnv h{sodqdwru| yduldeohv zklfk duh fruuhod0
whg zlwk wkh yduldeohv lqfoxghg/ vr wkh frh!flhqw hvwlpdwhv duh qrw frqvlvwhqw1 Wkh hvwlpdwh
eldv lv/ wkhuhiruh/ d ixqfwlrq ri wkh fruuhodwlrq ehwzhhq wkh lqfoxghg yduldeohv dqg wkh
h{foxghg yduldeohv1 Wudglwlrqdoo|/ wkh zdjh htxdwlrq h{foxghv nqrzohgjh derxw wkh up*v
uhfuxlwphqw srolf|1 D frpsdulvrq ri wdeohv 43 dqg 44 zlwk wdeohv ; dqg < vkrzv wkh fkdqjh
lq wkh frh!flhqwv ri wkh uhjuhvvruv zkhq nqrzohgjh derxw wkh up*v uhfuxlwphqw srolf| lv
lqwurgxfhg1 Wkh dqdo|vlv ri wkh zdjh htxdwlrq lq wkh frqwh{w ri wkh vlpxowdqhrxv htxdwlrqv
prgho fdq wkxv eh frpsduhg zlwk wkh uhvxowv zklfk zrxog eh revhuyhg lq wkh fdvh ri wkh
vlqjoh0htxdwlrq prgho1 Wkh zdjh uhjuhvvlrq frh!flhqwv duh dydlodeoh lq wkh froxpqv frhi1W/
44uh hfwlqj fruuhfwlrq rq wkh ohyho ri gxpp| yduldeohv iru wkh idfw wkdw wkh ghshqghqw yduldeoh
lv orjdulwkplvhg17
Zkhq zh revhuyh wkh zdjh shqdow| lpsrvhg rq zrphq lq wkh oderxu pdunhw/ zh fdq yhuli|
wkdw lw kdv lqfuhdvhg e| qhduo| 6:(1 Lq 4<<:/ zrphq whqghg wr hduq 54( ohvv wkdq phq1
Wkh wudglwlrqdo zdjh uhjuhvvlrq rqo| uhyhdov d shqdow| lqfuhdvh ri derxw 58(1 Frqvlghulqj
wkdw lq 4<;8 zrphq wr eh kluhg iru d jlyhq zrun ydfdqf| whqghg wr kdyh 316: pruh |hduv ri
hgxfdwlrq dqg wkdw wkh suhplxp iru dq dgglwlrqdo |hdu ri hgxfdwlrq lv 31437/ zh fdq frqfoxgh
wkdw/ rq dyhudjh/ wkh shqdow| iru zrphq zdv qrw 48(/ exw udwkhu 44(81 Lq rwkhu zrugv/
wkh shqdow| lqfuhdvh zdv hyhq kljkhu dv d uhvxow ri wkh dyhudjh glhuhqfh lq hgxfdwlrq lq wkh
uhfuxlwphqw ri zrphq zklfk h{lvwhg lq 4<;81
Dqdo|vlv ri wkh hgxfdwlrq suhplxp lv dovr glvwlqfw ehwzhhq wkh wzr uhjuhvvlrq prghov1
Frqwuroolqj iru hgxfdwlrq ghpdqg/ wkh suhplxp zdv qrw rqo| grxeoh lq 4<;8/ 43( lq uhodwlrq
wr wkh 8( fdswxuhg e| wkh ROV/ exw dovr suhvhqwhg pxfk kljkhu jurzwk/ erughulqj rq 6;(1
Lq 4<<:/ iru hdfk dgglwlrqdo |hdu ri hgxfdwlrq/ lqglylgxdov whqghg wr hduq/ rq dyhudjh/ 47(
pruh1
Xqolnh wkh wuhqg fdswxuhg e| wkh ROV/ d uhgxfwlrq ri ;(/ wkh suhplxp iru h{shulhqfh
lqfuhdvhg e| qhduo| 46( dqg lq 4<<: zdv doprvw 7( iru hdfk dgglwlrqdo |hdu ri h{shulhqfh1
Wkh vdph rffxuuhg zlwk wkh uhwxuqv wr whqxuh1 Wkh uhvxowv ri wkh vlpxowdqhrxv htxdwlrqv
p r g h og h p r q v w u d w h gd ql q f u h d v hr i4 9 (u h o d w l y hw rR O Vz d j hh t x d w l r q 1 W k hu h g x f w l r ql q
shqdow| iru uhfhqwo| kluhg lqglylgxdov ghfuhdvhg pruh vkduso| lq wklv prgho/ dqg lw fdq eh
revhuyhg wkdw lq 4<<: lqglylgxdov zlwk ohvv wkdq rqh |hdu dw wkh up kdyh/ rq dyhudjh/ d
zdjh uhgxfwlrq ri 6(1
W|slfdoo|/ d Froohfwlyh Edujdlqlqj Djuhhphqw dqg d Ilup Djuhhphqw duh dvvrfldwhg
zlwk kljkhu zdjhv wkdq wkdw yhulhg iru d Froohfwlyh Edujdlqlqj Frqwudfw/ prvw qrwdeo|
wkh suhplxp ri ;( iru d Ilup Djuhhphqw lq 4<<:1 D Jryhuqphqw Pdqgdwru| Uhjlph
fruuhvsrqgv/ rq dyhudjh/ wr orzhu zdjhv/ d qhjdwlyh hhfw zklfk lqfuhdvhg gxulqj wkh shulrg
xqghu dqdo|vlv1
Lw lv txlwh fohdu wkdw wkh jdlqv dvvrfldwhg zlwk zrunhuv lq upv frqwuroohg e| iruhljq
fdslwdo/ ru sxeolf fdslwdo/ ru lq upv zlwk juhdwhu jurvv oderxu surgxfwlylw| duh ohvv wkdq
7Wkh zdjh shufhqwdjhv fkdqjh dvvrfldwhg zlwk wkh gxpp| yduldeohv lq wkh zdjh htxdwlrq lv frhi=￿ @
hfrhi ￿ 41
8￿44( = ￿3>484: . 3>68<9 ￿ 3>4373 @ ￿3>4476
45wkrvh fdswxuhg e| wkh ROV1 Pruhryhu/ wkh ghwhulrudwlrq lq wkhvh suhplxpv iru wkh shulrg
xqghu dqdo|vlv lv pruh pdunhg zkhq frqwuroohg iru uhfuxlwphqw srolf|/ zlwk wkh h{fhswlrq
ri pruh surgxfwlyh upv1 Ehdulqj lq plqg wkdw wkhvh w|shv ri up qrupdoo| uhfuxlw pruh
hgxfdwhg lqglylgxdov/ dqg wkdw wklv wuhqg kdv ehhq uhlqirufhg/ zkdw wkh ROV prgho fdswxuhv
lv d pl{wxuh ri wkh uhfuxlwphqw srolf| dqg wkh sd| srolf|1 Krzhyhu/ wkh suhplxp uhpdlqv
srvlwlyh/ qrwdeo| lq wkh fdvh ri iruhljq upv zlwk dq dyhudjh zdjh suhplxp ri 45(1
Orzhu zdjhv lq uhodwlrq wr wkh Olverq dqg Wdjxv Ydooh| uhjlrq duh qrw vr pdunhg li wkh
uhfuxlwphqw srolf| lv wdnhq lqwr frqvlghudwlrq1 Wkh uhfryhu| ehwzhhq 4<;8 dqg 4<<: lv juhdwhu
li zh hvwlpdwh wkh wzr htxdwlrqv wrjhwkhu1 Lq wkh fdvh ri wkh Dohqwhmr dqg Dojduyh uhjlrq/
wkhuh zdv hyhq d zdjh suhplxp ri 5( lq 4<<:1 Mrlqw0vwrfn Frpsdqlhv/ lq 4<<:/ suhvhqwhg d
zdjh suhplxp ri 9( lq uhodwlrq wr Sduwqhuvkls Frpsdqlhv/ ohvv wkdq wkdw revhuyhg iru 4<;81
Vroh Sursulhwruvkls Frpsdqlhv duh qrupdoo| dvvrfldwhg zlwk orzhu zdjhv/ wkh glhuhqfh
ehwzhhq wkhvh upv dqg Sduwqhuvkls Frpsdqlhv/ lq 4<<:/ ehlqj 7(1
Lw lv fohdu wkdw li rqh frqwurov iru up suhihuhqfhv uhjduglqj zrunhu hgxfdwlrq/ lw fdq eh
revhuyhg wkdw doo lqgxvwu| vhfwruv kdyh d zdjh suhplxp lq uhodwlrq wr Uhwdlo Wudgh1 Wkh
vhfwruv zklfk lqfuhdvh wkhlu zdjh suhplxp lqfoxgh Zrrg dqg Frun/ dqg Wh{wlohv/ Forwklqj
d q gI r r w z h d u 1L qw k hf d v hr iz r u n h u vl qZ r r gd q gF r u n /w k hl q f u h d v hl qw k hz d j hs u h p l x p
zdv dssur{lpdwho| 44 shufhqwdjh srlqwv/ ohdglqj wr dq dyhudjh zdjh dgydqwdjh lq 4<<: ri
derxw 44(1 Wkhuh zdv dovr d vljqlfdqw lqfuhdvh lq wkh uhodwlyh uhpxqhudwlrq ri zrunhuv lq
wkh Wh{wlohv/ Forwklqj dqg Irrwzhdu vhfwru/ zlwk d zdjh suhplxp ri 44(/ lq 4<<:1 Iru wkh
ohyho ri hgxfdwlrq uhfuxlwhg/ zklfk lv fohduo| orzhu wkdq wkdw ri Uhwdlo Wudgh/ dqg zklfk juhz
hyhq iduwkhu dsduw ryhu wkh shulrg xqghu dqdo|vlv/ upv lq wklv vhfwru sd| uhodwlyho| pruh1
Wkh vhfwruv ri Surgxfwv pdgh ri Qrqphwdo Plqhudov/ Sulpdu| Phwdov dqg Irrg/ Ehyhudjh
dqg Wredffr dovr suhvhqwhg dq lqfuhdvh lq wkh zdjh suhplxp1 Lq wkhvh odvw wzr fdvhv/ wkh
wuhqgv ehwzhhq 4<;8 dqg 4<<: duh fohduo| wkh rssrvlwh ri wkrvh fdswxuhg e| wkh ROV1 Zklovw
wkh vlqjoh0htxdwlrq prgho uhfrugv d idoo lq wkh zdjh suhplxp/ wkh vlpxowdqhrxv htxdwlrqv
prgho vkrz wkdw wkhuh kdv ehhq dq lqfuhdvh1 Wkh uhvxow lv hyhq pruh lqwhuhvwlqj zkhq
frpsduhg zlwk wkh uhvxow ri wkh hgxfdwlrq htxdwlrq1 Wkh vkdus uhgxfwlrq lq hgxfdwlrq
ghpdqg yhulhg lq wkhvh vhfwruv lv dvvrfldwhg/ dv lq wkh fdvh ri Wh{wlohv/ Forwklqj dqg
Irrwzhdu/ zlwk dq lqfuhdvh lq uhpxqhudwlrq/ vljqli|lqj/ srvvleo|/ zdjh jdlqv/ exw iru uhodwlyho|
ohvv hgxfdwhg zrunhuv1
46Lq wkh fdvh ri wkh Sdshu/ Judsklf Duwv dqg Sxeolvklqj vhfwru/ wkh zdjh jdlq zdv ohvv
surqrxqfhg wkdq wkdw revhuyhg zlwk wkh ROV/ d idfw zklfk fdq eh dvvrfldwhg/ lq sduw/
zlwk wkh lqfuhdvh lq uhodwlyh ghpdqg iru hgxfdwlrq uhfrughg lq wklv vhfwru1 Lq wklv fdvh/
wkh| uhfuxlwhg pruh hgxfdwhg zrunhuv/ dqg sdlg ehwwhu wkdq lq 4<;81 Rqfh djdlq/ wkh jdlq
revhuyhg lq wkh vlqjoh0htxdwlrq prgho lv wkh uhvxow ri wkh mrlqw lqfuhdvh lq ghpdqg iru pruh
hgxfdwhg zrunhuv dqg lq uhpxqhudwlrq1 Lq rwkhu zrugv/ zlwk wkh ROV lw lv qrw srvvleoh
wr lvrodwh wkh lqfuhdvh lq uhpxqhudwlrq dvvrfldwhg zlwk wklv vhfwru ehfdxvh wkh hhfw ri wkh
vhfwru rq wkh zdjh dovr fdswxuhv lwv hhfw lq wkh uhfuxlwphqw srolf|1
Lq 4<;8/ wkh vhfwruv lq zklfk ehwwhu zdjhv zhuh sdlg/ jlyhq wkh ohyho ri hgxfdwlrq vrxjkw/
zhuh Hohfwulflw|/ Jdv dqg Zdwhu/ Wudqvsruw dqg Vwrudjh/ Frppxqlfdwlrqv dqg Edqnlqj
dqg Lqvxudqfh/ doo zlwk d zdjh suhplxp ri ryhu 66( lq uhodwlrq wr Uhwdlo Wudgh1 Lq 4<<:/
wkh vhfwruv ri Surgxfwv pdgh ri Qrqphwdo Plqhudov dqg Frqvwuxfwlrq dqg Sxeolf Zrunv/
u h f r u g h gdz d j hs u h p l x pr ie h w z h h q4 < (d q g5 < ( 1 L qw k hf d v hr iw k ho d v ww z rr iw k h v h
vhfwruv/ lw fdq eh revhuyhg wkdw wkh| w|slfdoo| vrxjkw qrw yhu| hgxfdwhg oderxu/ exw sdlg
wkhp ryhu wkh dyhudjh iru wkh hgxfdwlrq lq txhvwlrq1
Lq jhqhudo/ doo wkh hfrqrplf dfwlylwlhv fdph forvh wr wkh uhpxqhudwlrq ri Uhwdlo Wudgh1
Wkh glvshuvlrq ri wkh zdjh suhplxp dvvrfldwhg zlwk wkh vhfwruv ghfuhdvhg/ vlqfh zkhuhdv
lq 4<;8 wkh odujhvw zdjh suhplxp zdv 75(/ lq 4<<: lw zdv 59(1 Wkh Hohfwulflw|/ Jdv dqg
Zdwhu/ dqg Edqnlqj dqg Lqvxudqfh vhfwruv jhqhudoo| sdlg jrrg zdjhv exw/ jlyhq wkh lqfuhdvh
lq wkh ghpdqg iru hgxfdwlrq uhfrughg/ wkh| orvw sduw ri wkhlu zdjh dgydqwdjh1 Lq rwkhu
zrugv/ jlyhq wkh oderxu wkdw wkh| kluhg/ wkh| zhuh qr orqjhu rxwvwdqglqj lq whupv ri zdjh
lq uhodwlrq wr wkh uhpdlqlqj eudqfkhv ri hfrqrplf dfwlylw|1
9F r q f o x v l r q
Wklv vwxg| kdv dlphg wr dqdo|vh wkh hhfw ri uhfuxlwphqw srolf| rq sd| srolf| xvlqj d
vlpxowdqhrxv htxdwlrqv prgho1 Wkh phwkrgrorj| xvhg pdnhv vljqlfdqw surjuhvv lq uhodwlrq
wr ROV/ vlqfh lw hqdeohv wkh lqwurgxfwlrq ri lqirupdwlrq uhjduglqj up suhihuhqfhv dv wr wkh
vnloo ri zrunhuv/ dw wkh vdph wlph dv lw doorzv d sureohp ri hqgrjhqhlw| lqkhuhqw wr wkdw
prgho wr eh vroyhg1 D frqiurqwdwlrq ri wkh uhvxowv ri wkh vlpxowdqhrxv htxdwlrqv prgho zlwk
wkh ROV lv wkhuhiruh lqwhuhvwlqj1
47Wkh dqdo|vlv ri wkh uhfuxlwphqw ri zrunhuv dffruglqj wr wkhlu ohyho ri hgxfdwlrq dqg lwv
lpsdfw rq zdjhv ohdgv wr wkh iroorzlqj frqfoxvlrqv1 Dw wkh hqg ri wkh 4<<3v/ upv suhvhqwhg/
lq wkhlu klulqj ghflvlrq/ juhdwhu vhqvlwlylw| wr wkh uhpxqhudwlrq ri hgxfdwlrq1 Jlyhq wkh
vkdus lqfuhdvh lq wkh zdjh suhplxp iru hgxfdwlrq/ lq fhuwdlq flufxpvwdqfhv upv rsw wr
kluh ohvv hgxfdwhg zrunhuv zlwk/ iru h{dpsoh/ juhdwhu h{shulhqfh1 Wklv vxevwlwxwlrq ehwzhhq
glphqvlrqv ri zrunhu vnloo kdv ehfrph pruh surqrxqfhg ryhu uhfhqw |hduv1
Lq wkh uhfuxlwphqw srolf|/ glvfulplqdwlrq djdlqvw zrphq kdv ghfuhdvhg1 Glvfulplqdwlrq
lv qr orqjhu vljqlfdqw lq 4<<:/ xqolnh 4<;81 Krzhyhu/ wkhuh zdv d vljqlfdqw lqfuhdvh lq
wkh shqdow| lq whupv ri zdjh dqg/ lq 4<<:/ wkh dyhudjh zdjh ri zrphq zdv 54( orzhu wkdq
wkdw ri phq/ iru wkh vdph hgxfdwlrq/ h{shulhqfh/ vhqlrulw|/ dqg iru frpsdqlhv lq wkh vdph
hfrqrplf vhfwru dqg uhjlrq ri wkh frxqwu| dqg zlwk wkh vdph sursulhwruvkls1
Dv uhjdugv wkh zdjh suhplxp iru hgxfdwlrq/ wkh lqfuhdvh lq wkh zdjh dgydqwdjh iru wkh
pruh kljko| hgxfdwhg zdv pxfk pruh surqrxqfhg wkdq wkdw ghwhfwhg e| wkh ROV prgho1 Lw
lv dovr wr eh qrwhg wkdw wkhuh zdv dq lqyhuvlrq lq wkh uhvxowv uhjduglqj wuhqgv lq wkh suhplxp
iru h{shulhqfh dqg iru vhqlrulw|1 Xqolnh wkh ROV uhvxowv/ wkh vlpxowdqhrxv htxdwlrqv prgho
fdswxuhv dq lqfuhdvh lq wkh zdjh suhplxp iru wkhvh wzr zrunhu fkdudfwhulvwlfv gxulqj wkh
shulrg xqghu dqdo|vlv1
Iru zrunhuv hpsor|hg dw upv frqwuroohg e| iruhljq fdslwdo ru sxeolf fdslwdo/ ru lq upv
zlwk juhdwhu oderxu surgxfwlylw|/ dowkrxjk wkh jhqhudo rulhqwdwlrq ri wkh ROV frqfoxvlrqv lv
pdlqwdlqhg/ wkhuh lv d fkdqjh lq wkh lqwhqvlw| ri wkh zdjh suhplxpv1 Wkh ROV uhvxowv uh hfw
d frpelqdwlrq ri uhfuxlwphqw srolf| dqg uhpxqhudwlrq srolf| dqg/ lq sduwlfxodu/ fdswxuh
dq lqfuhdvhg ghpdqg iru pruh hgxfdwhg zrunhuv e| wkhvh w|sh ri upv1 Wkh zdjh shqdow|
qrupdoo| dvvrfldwhg zlwk fhuwdlq vhfwruv lv dovr vrphwlphv dq looxvlrq/ lq wkh vhqvh wkdw wkhvh
vhfwruv w|slfdoo| vhhn ohvv vnloohg zrunhuv1 Wklv lv wkh fdvh ri Wh{wlohv/ Forwklqj dqg Irrwzhdu1
Wkhuh zdv dovr d uhlqirufhphqw ri uhjlrqdo dv|pphwulhv lq wkh klulqj ri hgxfdwlrq/ zlwk
sduwlfxodu hpskdvlv rq wkh frqvlghudeoh lqfuhdvh lq ghpdqg iru pruh hgxfdwhg zrunhuv lq wkh
uhjlrq ri Olverq dqg Wdjxv Ydooh|1 Wkh rssrvlwh wuhqg zdv uhfrughg lq wkh uhpxqhudwlrq ri
kluhg oderxu1 Lq rwkhu zrugv/ iru zrunhuv zlwk lghqwlfdo hgxfdwlrq/ glhuhqfhv lq sd| ehwzhhq
wkh uhjlrqv zhuh uhgxfhg1
Lw fdq wkhuhiruh eh frqfoxghg iurp wkh dqdo|vlv suhvhqwhg khuh wkdw wkhuh lv lpsruwdqw
lqwhudfwlrq ehwzhhq wkh ghpdqg iru vnloov dqg zdjh irupdwlrq1 Wkh fhqwudo lghd wr eh uhwdlqhg
48lv wkdw wkh lqfuhdvh lq zdjh lqhtxdolw| zdv vwurqjo| dhfwhg e| wkh fkdqjhv rffxuulqj lq erwk
uhfuxlwphqw dqg sd| e| wkh upv1 Lq wklv vwxg|/ krzhyhu/ wkh wzr ghflvlrqv ri upv zhuh
vwxglhg wrjhwkhu/ zlwkrxw wdnlqj lqwr frqvlghudwlrq wkdw wkh vdph up ghflghv derxw wkh
zdjhv ri vhyhudo zrunhuv/ dqg wkdw lqirupdwlrq h{lvwv derxw wkh vdph zrunhu ryhu d shulrg
ri wlph1 Kdylqj ghprqvwudwhg wkh dfwlrq ri uhfuxlwphqw srolf| rq sd|phqw srolflhv/ lw zloo
eh lpsruwdqw lq wkh ixwxuh wr vwxg| lq ixuwkhu ghwdlo wkh hhfw ri wkh vshflf fkdudfwhulvwlfv
ri upv dqg ri lqglylgxdov> lq rwkhu zrugv/ lw zloo eh lpsruwdqw wr frqwuro iru wkh xqrevhuyhg
khwhurjhqhlw| ri wkhvh wzr sduwlflsdqwv lq wkh oderxu pdunhw1
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Yduldeoh Frh!flhqw w Yduldeoh Frh!flhqw w
iruhljq 3/:34: 76/< lqgxvwu|04 03/7;:< 05:/<
Sxe 3/7:;: 63/5 lqgxvwu|05 04/4446 0:4/7
ovzrunhu 3/5833 :9/9 lqgxvwu|06 03/::77 06;/5
Mxulg05 3/867: 85/; lqgxvwu|07 03/3<68 07/5
Mxulg06 03/76<6 05:/3 lqgxvwu|08 3/6777 49/5
Mxulg07 3/835; 69/4 lqgxvwu|09 03/534: 0</9
Vrffxs04 :/998; 537/< lqgxvwu|0: 3/963: 56/<
Vrffxs05 8/348< 495/9 lqgxvwu|0; 3/4966 </;
Vrffxs06 4/;569 43:/7 lqgxvwu|0< 4/55;< 67/4
Vrffxs07 5/<:43 489/; lqgxvwu|043 03/89:8 066/7
Vrffxs09 04/77:5 0488/< lqgxvwu|044 3/:9:8 77/<
Vrffxs0: 05/3748 047;/9 lqgxvwu|046 03/:5<< 069/<
Vrffxs0; 03/6<<< 06;/; lqgxvwu|047 3/8994 56/<
uhjlrq04 03/759< 07:/7 lqgxvwu|048 5/4<6; 8</8
uhjlrq05 03/749: 068/< lqgxvwu|049 6/9746 <;/5
uhjlrq07 03/737; 056/5 lqgxvwu|04: 5/53:8 66/:
uhjlrq08 03/5766 045/< lqgxvwu|04; 5/:558 ;8/7
okz 04/48<: 058/5 lqgxvwu|04< 3/:;88 6:/3
Vh{ 3/68<9 75/8 Frqv 4/3677 85/6
H{shu 03/3<:6 0598/<
Vrxufh= Sruwxjdo/ PWV/ GHWHIS +4<;8,
Qrwh= Vhh wdeoh 7 iru d ghvfulswlrq ri wkh yduldeohv1
54Wdeoh := Vlpxowdqhrxv htxdwlrqv prgho uhvxowv iru wkh vfkrrolqj htxdwlrq iru wkh |hdu 4<<:
Yduldeoh Frh!flhqw w Yduldeoh Frh!flhqw w
iruhljq 4/3<;6 :6/7 lqgxvwu|04 04/468: 096/3
Sxe 4/4698 8</: lqgxvwu|05 04/;3;4 0456/<
ovzrunhu 3/7;:: 437/9 lqgxvwu|06 03/<::5 073/9
Mxulg05 4/385; ;</6 lqgxvwu|07 3/:75< 5</<
Mxulg06 03/<95< 086/; lqgxvwu|08 3/9:56 5;/;
Mxulg07 4/49<8 8</4 lqgxvwu|09 03/3<4; 07/4
Vrffxs04 44/34<7 4:5/< lqgxvwu|0: 03/976: 049/4
Vrffxs05 9/;6<6 487/< lqgxvwu|0; 3/3:9< 8/4
Vrffxs06 6/347< 444/3 lqgxvwu|0< 4/9559 74/7
Vrffxs07 6/;738 47:/; lqgxvwu|043 03/<73< 099/9
Vrffxs09 04/837< 0453/< lqgxvwu|044 3/;494 84/7
Vrffxs0: 05/86:7 045</< lqgxvwu|046 04/7;58 0:;/7
Vrffxs0; 04/;899 0;:/7 lqgxvwu|047 4/3::; 75/4
uhjlrq04 03/<;56 0<4/8 lqgxvwu|048 4/8498 7;/;
uhjlrq05 03/<667 0:8/: lqgxvwu|049 7/9736 445/;
uhjlrq07 04/4759 08</8 lqgxvwu|04: 4/46:7 58/7
uhjlrq08 03/3873 06/5 lqgxvwu|04; 4/;668 ;:/9
okz 07/;73< 0:4/6 lqgxvwu|04< 3/:9<; 57/6
Vh{ 3/3546 4/< Frqv 6/4;<3 <7/6
H{shu 03/43:6 0596/:
Vrxufh= Sruwxjdo/ PWV/ GHWHIS +4<<:,
Qrwh= Vhh wdeoh 7 iru d ghvfulswlrq ri wkh yduldeohv1
55Wdeoh ;= Vlpxowdqhrxv htxdwlrqv prgho uhvxowv iru wkh zdjh htxdwlrq iru wkh |hdu 4<;8
Yduldeoh Frh!flhqw w frhi1W Yduldeoh Frh!flhqw w frhi1W
Vh{ 03/4978 04;7/5 03/484: lqgxvwu|04 3/3:98 66/; 3/3:<8
vfkrro 3/4373 76;/6 3/4373 lqgxvwu|05 3/384: 59/3 3/3864
H{shu 3/3697 576/; 3/3697 lqgxvwu|06 3/3343 3/7 3/3343
H{shu0v 03/3337 0489/5 03/3337 lqgxvwu|07 3/3<<6 68/8 3/4377
Whqxuh 3/339; 45;/< 3/339; lqgxvwu|08 3/4<56 ;4/5 3/5453
W4 03/3959 065/; 03/393: lqgxvwu|09 3/4<84 :8/; 3/5487
iruhljq 3/4<58 463/5 3/5456 lqgxvwu|0: 3/39:7 53/5 3/39<:
Sxe 3/4743 ::/5 3/4847 lqgxvwu|0; 3/4498 8:/: 3/4569
ovzrunhu 3/35;8 <6/3 3/35;8 lqgxvwu|0< 3/7475 445/9 3/8464
Wluf04 3/34:8 ;/4 3/34:9 lqgxvwu|043 3/4;;3 ;;/4 3/539;
Wluf06 03/33:4 05/9 03/33:3 lqgxvwu|044 3/3:39 67/4 3/3:65
Wluf07 3/35;4 46/3 3/35;8 lqgxvwu|046 3/3935 56/8 3/3954
uhjlrq04 03/3978 095/; 03/3958 lqgxvwu|047 3/5;85 44:/4 3/6633
uhjlrq05 03/3;65 094/; 03/3:<; lqgxvwu|048 3/74:5 458/; 3/84::
uhjlrq07 03/468: 099/3 03/459< lqgxvwu|049 3/68;< 446/7 3/764;
uhjlrq08 03/38;4 057/5 03/3898 lqgxvwu|04: 3/5483 59/5 3/56<;
Mxulg05 3/3;58 ;3/8 3/3;93 lqgxvwu|04; 3/44;; 64/: 3/4594
Mxulg06 03/3873 059/9 03/3859 lqgxvwu|04< 3/3998 58/5 3/39;:
Mxulg07 3/3748 55/9 3/3757 Frqv 6/6<78 977/9 6/6<78
Vrxufh= Sruwxjdo/ PWV/ GHWHIS +4<;8,
Qrwhv= frhi1W suhvhqwv wkh frh!flhqwv fruuhfwlrq iru wkh glvfuhwh yduldwlrq dvvrfldwhg zlwk wkh
gxpp| yduldeohv> vhh wdeoh 7 iru d ghvfulswlrq ri wkh yduldeohv1
56Wdeoh <= Vlpxowdqhrxv htxdwlrq prgho uhvxowv iru wkh zdjh htxdwlrq iru wkh |hdu 4<<:
Yduldeoh Frh!flhqw w frhi1W Yduldeoh Frh!flhqw w frhi1W
Vh{ 03/5664 0576/; 03/53:< lqgxvwu|04 3/3<96 73/3 3/4344
vfkrro 3/4764 879/7 3/4764 lqgxvwu|05 3/43;3 8;/5 3/4473
H{shu 3/3743 5:5/; 3/3743 lqgxvwu|06 3/4386 65/9 3/4444
H{shu0v 03/3338 0483/6 03/3338 lqgxvwu|07 3/4489 6;/4 3/4558
Whqxuh 3/33:< 453/3 3/33:< lqgxvwu|08 3/45<; 78/; 3/46;8
W4 03/365< 059/6 03/3657 lqgxvwu|09 3/5657 ;9/3 3/594:
iruhljq 3/4485 ;5/8 3/4554 lqgxvwu|0: 3/43:8 4</< 3/4468
Sxe 3/377: 4:/8 3/378: lqgxvwu|0; 3/4474 8</; 3/453<
ovzrunhu 3/3498 6</7 3/3498 lqgxvwu|0< 3/49;< 68/9 3/4;73
Wluf04 3/36<6 43/: 3/3734 lqgxvwu|043 3/538; 43;/7 3/55;8
Wluf06 03/36;6 047/4 03/36:9 lqgxvwu|044 3/374: 54/6 3/3759
Wluf07 3/3:<7 58/: 3/3;59 lqgxvwu|046 3/366: 47/8 3/3676
uhjlrq04 03/364; 05:/9 03/3646 lqgxvwu|047 3/5897 <</6 3/5<56
uhjlrq05 03/367< 057/: 03/3676 lqgxvwu|048 3/4:68 79/3 3/4;<8
uhjlrq07 03/4567 08</4 03/4494 lqgxvwu|049 3/5384 88/6 3/55::
uhjlrq08 3/3573 43/9 3/3576 lqgxvwu|04: 3/3793 :/: 3/37:3
Mxulg05 3/386; 83/: 3/3886 lqgxvwu|04; 3/356; </: 3/3574
Mxulg06 03/375< 04</8 03/3753 lqgxvwu|04< 3/38:5 46/: 3/38;<
Mxulg07 3/36:5 48/7 3/36:< Frqv 6/9;7: ;46/9 6/9;7:
Vrxufh= Sruwxjdo/ PWV/ GHWHIS +4<<:,
Qrwhv= frhi1W suhvhqwv wkh frh!flhqwv fruuhfwlrq iru wkh glvfuhwh yduldwlrq dvvrfldwhg zlwk wkh
gxpp| yduldeohv> vhh wdeoh 7 iru d ghvfulswlrq ri wkh yduldeohv1
57Wdeoh 43= ROV uhvxowv iru wkh zdjh htxdwlrq iru wkh |hdu 4<;8
Yduldeoh Frh!flhqw w frhi1W Yduldeoh Frh!flhqw w frhi1W
Vh{ 03/48<< 04<;/6 03/47:; lqgxvwu|04 3/3635 47/; 3/3639
vfkrro 3/3869 833/: 3/3869 lqgxvwu|05 03/344: 09/8 03/3449
H{shu 3/3644 555/7 3/3644 lqgxvwu|06 03/38:3 057/8 03/3887
H{shu0v 03/3337 049:/6 03/3337 lqgxvwu|07 3/433< 6</< 3/4394
Whqxuh 3/33:: 484/7 3/33:: lqgxvwu|08 3/538: <9/4 3/55;7
W4 03/388; 05</; 03/3876 lqgxvwu|09 3/489; 9:/9 3/49<:
iruhljq 3/5637 4:6/7 3/58<4 lqgxvwu|0: 3/3::6 58/: 3/3;37
Sxe 3/497; <</4 3/4:<5 lqgxvwu|0; 3/43<5 8</< 3/4487
ovzrunhu 3/373; 47</5 3/373; lqgxvwu|0< 3/76:9 464/4 3/87<3
Wluf04 03/3359 04/5 03/3359 lqgxvwu|043 3/4745 :6/9 3/484:
Wluf06 03/33:9 05/< 03/33:9 lqgxvwu|044 3/4387 89/7 3/4444
Wluf07 3/355: 43/9 3/355< lqgxvwu|046 3/33:< 6/7 3/33:<
uhjlrq04 03/3;:: 0<8 03/3;6< lqgxvwu|047 3/5;96 45</8 3/6648
uhjlrq05 03/43<7 0<3/6 03/436: lqgxvwu|048 3/7:3: 487/: 3/9344
uhjlrq07 03/495: 0;:/: 03/4835 lqgxvwu|049 3/857: 4;4/< 3/9;<<
uhjlrq08 03/3:8: 067/< 03/3:5< lqgxvwu|04: 3/6869 7:/; 3/7574
Mxulg05 3/436; 445/8 3/43<6 lqgxvwu|04; 3/57;9 :6/8 3/5;56
Mxulg06 03/39;; 06:/9 03/3998 lqgxvwu|04< 3/435; 76/5 3/43;5
Mxulg07 3/3:46 75/9 3/3:6< Frqv 6/9649 ::6/7 6/9649
I Whvw 79766
Vrxufh= Sruwxjdo/ PWV/ GHWHIS +4<;8,
Qrwhv= frhi1W suhvhqwv wkh frh!flhqwv fruuhfwlrq iru wkh glvfuhwh yduldwlrq dvvrfldwhg zlwk wkh
gxpp| yduldeohv> vhh wdeoh 7 iru d ghvfulswlrq ri wkh yduldeohv1
58Wdeoh 44= ROV uhvxowv iru wkh zdjh htxdwlrq iru wkh |hdu 4<<:
Yduldeoh Frh!flhqw w frhi1W Yduldeoh Frh!flhqw w frhi1W
Vh{ 03/5376 0588/6 03/4;7; lqgxvwu|04 3/3438 8/5 3/3438
vfkrro 3/3959 86;/: 3/3959 lqgxvwu|05 03/3346 03/< 03/3346
H{shu 3/35;8 55</8 3/35;8 lqgxvwu|06 3/33:8 5/; 3/33:8
H{shu0v 03/3337 0486/6 03/3337 lqgxvwu|07 3/4954 96/: 3/4:8<
Whqxuh 3/33:6 45</4 3/33:6 lqgxvwu|08 3/48<7 9:/3 3/4:5;
W4 03/37:9 077/6 03/3798 lqgxvwu|09 3/4954 :4/9 3/4:93
iruhljq 3/495< 46</8 3/4:9< lqgxvwu|0: 3/36:5 ;/5 3/36:<
Sxe 3/39<9 65/5 3/3:54 lqgxvwu|0; 3/3<<6 95/3 3/4377
ovzrunhu 3/37:4 469/8 3/37:4 lqgxvwu|0< 3/5363 83/< 3/5583
Wluf04 3/37<5 48/9 3/3837 lqgxvwu|043 3/458< :</8 3/4674
Wluf06 3/3:65 64/9 3/3:93 lqgxvwu|044 3/3;<< 87/< 3/3<74
Wluf07 3/4485 76/9 3/4554 lqgxvwu|046 03/3685 04;/3 03/3679
uhjlrq04 03/3;65 0;9/; 03/3:<; lqgxvwu|047 3/58:7 44;/8 3/5<68
uhjlrq05 03/3<54 0:;/5 03/3;:< lqgxvwu|048 3/54:< 9;/7 3/5768
uhjlrq07 03/4:3< 0<:/: 03/48:4 lqgxvwu|049 3/7736 474/: 3/8864
uhjlrq08 03/3343 03/8 03/3343 lqgxvwu|04: 3/458; 58/3 3/4674
Mxulg05 3/43:6 454/8 3/4466 lqgxvwu|04; 3/45:: 95/6 3/4695
Mxulg06 03/3;97 079/: 03/3;5; lqgxvwu|04< 3/4385 63/3 3/443<
Mxulg07 3/4349 83/4 3/43:3 Frqv 7/57<; 44<3/4 7/57<;
I Whvw 744<<
Vrxufh= Sruwxjdo/ PWV/ GHWHIS +4<<:,
Qrwhv= frhi1W suhvhqwv wkh frh!flhqwv fruuhfwlrq iru wkh glvfuhwh yduldwlrq dvvrfldwhg zlwk wkh
gxpp| yduldeohv> vhh wdeoh 7 iru d ghvfulswlrq ri wkh yduldeohv1
59Working Papers - NIMA series
No.
1. L´ ıgia Pinto , Glenn Harrison, Multilateral negotiations over climate
change policy, May 2000
2. Paulo Guimar˜ aes, Douglas Woodward, Oct´ avio Figueiredo, A tractable
approach to the ﬁrm location decision problem, May 2000
3. Miguel Portela , Measuring skill: a multi-dimensional index, September
2000
4. Rosa Branca Esteves , Paulo Guimar˜ aes, Price discrimination and tar-
geted advertising: a welfare analysis, November 2000
5. Anabela Botelho , L´ ıgia Pinto , Has Portugal gone wireless? Looking
back, looking ahead, December 2000
6. Pedro Barros, Clara Dismuke , Hospital production in a national health
service: the physician’s dilemma, December 2000
7. Anabela Botelho , Mark A. Hirsch, Elisabet E. Rutstr¨ om, Culture,
nationality and demographics in ultimatum games, December 2000
8. Miguel Portela , The impact of segregation on wage inequality: a look
at recruitment and pay policies at the ﬁrm level, January 2001
9. Pedro Portugal, Ana Rute Cardoso, Disentangling the minimum wage
puzzle: an analysis of job accessions and separations from a longitudinal
matched employer-employee data set, April 2001
10. Ana Rute Cardoso, Priscila Ferreira , The dynamics of job creation and
destruction for University graduates: why a rising unemployment rate
can be misleading, May 2001
11. Oct´ avio Figueiredo, Paulo Guimar˜ aes, Douglas Woodward, Asymmet-
ric information and location, July 2001
12. Anabela Botelho , L´ ıgia Pinto , Hypothetical, real, and predicted real
willingness to pay in open-ended surveys: experimental results, Septem-
ber 2001
13. Anabela Botelho , L´ ıgia Pinto , Miguel Portela , Ant´ onio Silva, The
determinants of success in university entrance, September 200114. Anabela Botelho , Strategic behavior at trial. The production, report-
ing, and evaluation of complex evidence, September 2001
15. Paulo Guimar˜ aes, The state of Portuguese research in economics: an
analysis based on publications in international journals, September 2001
16. Anabela Botelho , Glenn Harrison, Marc Hirsch, Elisabet E. Rutstr¨ om,
Bargaining behavior, demographics and nationality: a reconsideration
of the experimental evidence, December 2001
17. Jo˜ ao Cerejeira da Silva , Identiﬁcation of the Portuguese industrial
districts, February 2002
18. Oct´ avio Figueiredo, Paulo Guimar˜ aes, Douglas Woodward, Modeling
industrial location decisions in U.S. Counties, April 2002
19. Aslan Zorlu , Joop Hartog, The eﬀect of immigration on wages in three
European countries, October 2002
20. Elvira Lima , David K. Whynes, Finance and performance of Por-
tuguese hospitals, February 2003
21. Aslan Zorlu , Do ethnicity and sex matter in pay? Analyses of 8 ethnic
groups in the Dutch labour market, June 2003
22. C´ ecile Wetzels , Aslan Zorlu , Wage eﬀects of motherhood: a double
selection approach, June 2003
23. Nat´ alia Barbosa , What drives new ﬁrms into an industry? An inte-
grative model of entry, October 2003
24. Elvira Lima , Teresa Joseﬁna Lopes Esquerdo , The economic costs of
alcohol misuse in Portugal, October 2003
25. Anabela Botelho , L´ ıgia Pinto , Isabel Rodrigues , How to comply with
environmental regulations?The role of information, October 2003
26. Nat´ alia Barbosa , Helen Louri, Corporate performance: does ownership
matter? A comparison of foreign - and domestic - owned ﬁrms in
Greece and Portugal, October 2003
27. Anabela Botelho , L´ ıgia Pinto , Students’ expectations of the economic
returns to college education. Results of controlled experiment, Decem-
ber 200328. Paula Veiga , Income-related health inequality in Portugal, July 2005
29. Anabela Botelho , Glenn Harrison, L´ ıgia Pinto , Elisabet E. Rutstr¨ om,
Testing static game theory with dynamic experiments: a case study of
public goods, November 2005
30. Anabela Botelho , Glenn Harrison, L´ ıgia Pinto , Elisabet E. Rutstr¨ om,
Social norms and social choice, November 2005
31. Anabela Botelho , Glenn Harrison, L´ ıgia Pinto , Elisabet E. Rutstr¨ om,
Paula Veiga , Discounting in developing countries: a pilot experiment
in Timor-Leste, November 2005
32. Paula Veiga , Ronald P. Wilder , Maternal smoking during pregnancy
and birthweight - A propensity score matching approach, January 2006
The Working Papers of the Applied Microeconomics Research Unit (NIMA)
can be downloaded in PDF format from http://nima.eeg.uminho.pt